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Abstract
In this project, a depletion grating was created by crossing two red laser 
beams and followed by a blue probe beam to analyze the photodissociation of 
nitrous acid (HONO).  The blue beam diffracted off of the molecules that had 
been vibrationally excited by the red beams.  This diffracted beam was plotted 
on a graph of intensity vs wavelength. Using the three beam spectroscopy, we 
saw enough structure to confirm the presence of HONO by matching them 
with literature values.  (see picture at right)
Introduction
Nitrous acid (HONO) is a meta-stable compound that exists in equilibrium 
with water and NO2. When HONO photodissociates, the most energetically 
favorable process is,  HONO → OH + NO, while the energetically 
unfavorable reaction is HONO → H + NO2. The relative amounts of these 
reactions depends on the configuration of the molecule. For example, if the 
OH bond is excited with some stretching energy, using the grating, the bond 
will stretch farther, making is more likely to break and produce the second 
reaction, even though it is unfavored.  In this experiment, 4 quanta of 
vibrational energy was added to HONO to change the nuclear geometry of 






HONO was generated by passing a stream of nitrogen gas through 
concentrated HCl, allowing some of the acid to go into the gas phase.  
This mixture was then passed through sodium nitrate powder, so that the 
products of the reaction would be sodium chloride, and nitrous acid.  
HCl(g) + NaNO2(s) → NaCl(s) + HONO(g)
The mixture was placed directly into a cell and into this cell pass three 
beams.  The two pump beams are red and cross each other in the center 
of the cell, and the third beam is of blue light that passes through the 
same intersection point about 5 ns after the red ones.  The red beams 
form a depletion grating as they intersect by taking advantage of light’s 
coherent wave properties. For the first part of the experiment, the 
wavelength of the red beams was varied from 735-763nm. The probe 
beam was blue, and for this experiment, was set at λ=355 nm.  As it 
passed through the cell, the molecules that have been vibrationally 
excited by the pump beams will be excited to their lowest electronically 
excited state, from which they can dissociate in one of the previously 
discussed paths.  Part of the blue beam then diffracts off of the molecules. 
The diffracted blue beam is then collected by the detector, which converts 
that signal into an electric one, which is then calculated and plotted. 
For the second part of the experiment, the red beam’s wavelength was 
held constant on a peak, where the grating was most intense, while the 
blue beam wavelength was varied from 345 to 365 nm. The graphs of the 
blue beam are double the blue wavelength because we were tracking the 
original wavelength, which was halved before encountering the detector. 
The set up was the same, but these varying excitations observed were 
electronic as opposed to vibrational. 
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There were several identifiable peaks in the HONO spectra in 
scanning both the red and blue beams, some of which are 
shown in these graphs on the left.  In the scanning of the red 
beams, these peaks correspond to favored vibrational 
transitions and excitations in the HONO, some specific 
examples being around 748.5, 749.7, and 750.6 nm.   This 
structure that appeared through the scatter in the data plots 
confirms that HONO is being excited by the laser beams, as 
opposed to the other gases in the cell, which do not absorb at 
these frequencies.  When the blue beam was scanned, specific 
peaks were noted at 685, 694, and 708 nm.  These peaks 
correspond to favored electronic excitations of the vibrationally 
excited molecules.
In the first part of the experiment, we found definite structure 
in the graphs of the intensity of the signal vs. the wavelength 
of the pump beam.  As the wavelength of the pump beam 
varies, different amounts of the ground state molecules are 
excited in the depletion grating, which causes different levels 
of intensity in the signal.  This structure was independent of 
both the random variation in the original beam strength and 
the dye curve, which was centered around 751 nm for the red 
beam and 698 for the blue beam before it was doubled.  Since 
nitrogen does not absorb photons in this energy range, the 
data confirms that HONO is present in the tank, in quantities 
high enough to give signal.      
In the second part of the experiment, structure was also 
found in the graphs of the intensity of signal versus the 
wavelength of the probe beam and works on the same basic 
ideas as the first part.  However, instead of varying the 
vibrational change, the change in electronic state was varied. 
The structure found was much broader and easier to identify 
than from the previous experiment, but the dye curve was also 
pronounced, and that effect had to be accounted for when 
reading the graphs.
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